







PERFORMANCE OF TRANSONIC FAN STAGE
WITH WEIGHT FLOW PER UNIT ANNULUS AREA
OF 178 KILOGRAMS PER SECOND PER SQUARE
METER (36.5 (LB/SEC)/(FT2))
by Royce D. Moore, Donald C. Urasek, and George Kovich
Lewis Research Center
Cleveland, Ohio 44135




2. Government Accession No. 3. Recipient's Catalog No.
4. Title and Subtitle PERFORMANCE OF TRANSONIC FAN STAGE WITH
WEIGHT FLOW PER UNIT ANNULUS AREA OF 178 KILOGRAMS
PER SECOND PER SQUARE METER (36. 5 (LB/SEC)/(FT2))
5. Report Date
November 1973
6. Performing Organization Code
7. Author(s)
Royce D. Moore, Donald C. Urasek, and George Kovlch
8. Performing Organization Report No.
E-7081
9. Performing Organization Name and Address
Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio 44135
10. Work Unit No.
501-24
11. Contract or Grant No.
12. Sponsoring Agency Name and Address
National Aeronautics and Space Administration
Washington, D.C. 20546
13. Type of Report and Period Covered
Technical Memorandum
14. Sponsoring Agency Code
15. Supplementary Notes
16. Abstract
The overall and blade-element performances are presented over the stable flow operating range
from 50 to 100 percent of design speed. Stage peak efficiency of 0. 834 was obtained at a weight
flow of 26. 4 kg/sec (58.3 Ib/sec) and a pressure ratio of 1.581. The stall margin for the stage
was 7.5 percent based on weight flow and pressure ratio at stall and peak efficiency conditions.
The rotor minimum losses were approximately equal to design except in the blade vibration
damper region. Stator minimum losses were less than design except in the tip and damper
regions.
17. Key Words (Suggested by Author(s))
Turbomachinery; Compressors; Transonic




19. Security Classif. (of this report)
Unclassified
20. Security Classif. (of this page)
Unclassified





* For sale by the National Technical Information Service, Springfield, Virginia 22151
PERFORMANCE OF TRANSONIC FAN STAGE WITH WEIGHT FLOW PER
UNIT ANNULUS AREA OF 178 KILOGRAMS PER SECOND
PER SQUARE METER (36.5 (LB/SEC)/(FT2))




The overall performance and blade-element performance of a transonic fan stage
are presented. The stage, designed to investigate the effect of weight flow per unit
annulus area on the performance of compressors, had a design flow of 178 kilograms
per second per square meter. Detailed radial and circumferential (behind stator) sur-
veys of the flow conditions were made over the stable operating range at rotative speeds
from 50 to 100 percent of design speed. The stage peak efficiency of 0. 834 was obtained
at a weight flow of 26. 4 kilograms per second and a pressure ratio of 1. 581. The stall
margin from this stage was 7. 5 percent, based on pressure ratio and weight flow at the
peak efficiency and stall conditions. The rotor peak efficiency of 0.860 occurred at a
weight flow of 26. 4 kilograms per second and a pressure ratio of 1. 611. Except in the
region of the rotor vibration damper, the rotor minimum losses were approximately
equal to design values. However, they occurred at less than design incidence angle.
The minimum loss values for the stator were less than design values except in the tip
and in the region behind the rotor dampers. As with the rotor, the stator minimum
losses occurred at less than design incidence angles except behind the damper region.
INTRODUCTION
A research program on axial-flow fans and compressors for advanced airbreathing
engines is currently being conducted at the NASA Lewis Research Center. This pro-
gram is primarily directed toward reducing the size and weight of fans and compressors
while maintaining high levels of performance. In support of this program experimental
studies are being conducted on the effect of blade solidity, blade aspect ratio, blade
loading, area margin above choke, different blade shapes, weight flow per unit annulus
area, velocity ratio, and blade spacing on efficiency and performance (refs. 1 to 7).
A series of tests are being conducted to evaluate the effect of weight flow per unit
annulus area on the performance of axial-flow fan stages. The three stages in this ser-
ies were designed for weight flows per unit annulus area of 178, 198, and 208 kilograms
per second per square meter (refs. 8 and 9). All three stages were designed to produce
a pressure ratio of 1. 57, and all had the same meridional flow path geometry.
In the present investigation an axial-flow fan stage designed for 178 kilograms per
second per square meter was tested. This report presents the aerodynamic design
parameters and the overall and blade-element performance. Data were obtained over
the stable operating range of the stage for six rotative speeds from 50 to 100 percent of
design speed. Blade-element data were obtained at 11 radial positions. The stage pre-
sented in this report has been designated "stage 16-11" with the rotor being rotor 16
and the stator being stator 11. The data in this report are presented in tabular and in
plotted form. The symbols and equations are defined in appendixes A and B. The defi-
nitions and units used for the tabular data are presented in appendix C.
AERODYNAMIC DESIGN
Three computer programs were used in the design of this compressor stage: the
streamline analysis program, the blade geometry program, and the blade coordinate
program. These three computer programs are described in references 1, 4, and 10,
respectively; only a brief description of each is presented herein.
The streamline analysis program (ref. 1) was used to calculate the flow field
parameters at several axial locations, including planes approximating the blade leading
and trailing edges for both the rotor and stator. The weight flow, rotative speed, flow
path geometry, and radial distributions of total pressure and temperature are inputs in
this program. The program accounts for both streamline curvature and entropy gradi-
ents; boundary-layer blockage factors are also included.
The distributions of velocity vector, total pressure, and total temperature calcu-
lated in the streamline analysis program are used in the blade geometry program to
compute blade geometry parameters (ref. 4). Total loss, which is calculated within the
program, is based on a calculated shock loss (as related to the selected blade shape)
and a profile loss. The profile losses used for this stage are based on loss - diffusion
factor correlations that include the data presented in reference 1 for the rotor and ref-
erence 11 for the stator.
The blade geometry parameters are used in the blade coordinate program (ref. 10)
to compute blade elements on conical surfaces passing through the blade. The blade
elements are then stacked on a line passing through their centers of gravity, and Carte-
sian blade coordinates, which are used directly in fabrication, are computed.
The overall design parameters for stage 16-11 are listed in table I, and the flow
path is shown in figure 1. This stage was designed for an overall pressure ratio of 1. 57
Q
at a weight flow of 26. 5 kilograms per second (178.2 (kg/sec)/m of annulus area). The
design tip speed was 425 meters per second. The stage was designed for a tip solidity
of 1.3 for both rotor and stator. This resulted in 44 rotor blades with an aspect ratio
of 2. 6 and 48 stator blades with an aspect ratio of 2.3.
The blade-element design parameters for rotor 16 are presented in table II. This
rotor was designed for a radially constant total pressure ratioi of 1. 6. The stator blade-
element design parameters are given in table in. The blade geometry is presented ih




The compressor stage was tested in the Lewis single-stage compressor facility
(described in detail in ref. 4). A schematic is shown in figure 2. Atmospheric air
enters the test facility at an inlet located on the roof of the building and flows through
the flow measuring orifice and into the plenum chamber upstream of the test stage. The
air then passes through the experimental compressor stage into the collector and is
exhausted to the atmosphere.
Test Stage
Photographs of the rotor and stator are shown in figures 3 and 4. Each rotor blade
has a vibration damper located at about 50 percent span from the outlet rotor tip. The
maximum thickness of the damper was 0.215 centimeter. The radial tip clearance of
the rotor was a nominal 0. 050 centimeter at ambient nonrotating conditions. The axial
spacing between the rotor hub trailing edge and the stator hub leading edge was
3.148 centimeters (0. 7 rotor tip chord).
Instrumentation
The compressor weight flow was determined from measurements on a calibrated
thin-plate orifice. The orifice temperature was determined from an average of two
Chromel/Alumel thermocouples. Orifice pressures were measured by calibrated trans-
ducers.
Radial surveys of the flow were made upstream of the rotor, between the rotor and
stator, and downstream of the stator (fig. 1). Photographs of the survey probes are
shown in figure 5. Total pressure, total temperature, and flow angle were measured
with the combination probe (fig. 5(a)), and the static pressure was measured with an
8° C-shaped wedge probe (fig. 5(b)).' Each probe was positioned with a null-balancing,
stream-directional sensitive control system that automatically alined the probe to the
direction of flow. The thermocouple was iron/constantan. The probes were alined in
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an air calibration tunnel. A combination probe and a wedge static probe were used at
each of the three measuring stations.
Inner- and outer-wall static-pressure taps were located at the same axial stations
as the survey probes. The circumferential locations of both types of survey probes
along with inner- and outer-wall static-pressure taps are shown in figure 6. The com-
bination probe downstream of the stator (station 3) traversed circumferentially one
stator blade passage (7. 5°) counterclockwise from the nominal value shown.
An electronic speed counter, in conjunction with a magnetic pickup, was used to
measure rotative speed (rpm). Strain gages were mounted on both the rotor and stator
blades to monitor stresses and vibrations.
The estimated errors of the data based on inherent accuracies of the instrumenta-
tion and recording system are as follows:
Weight flow, kg/sec ±0.3
Rotative speed, rpm ±30
Flow angle, deg ±1
Temperature, K . . . . . . . . . . ±0.6
n
Rotor inlet total pressure, N/cm ±0.012
Rotor outlet total pressure, N/cm ±0.10
o
Stator outlet total pressure, N/cm ±0.10
oRotor inlet static pressure, N/cm ±0. 04
O
Rotor outlet static pressure, N/cm . ±0.07
o
Stator outlet static pressure, N/cm ±0.07
A further indication of the consistency of the data can be observed by comparing the in-
tegrated weight flows at each measuring station with the orifice weight flow in table VII.
Test Procedure
The stage survey data were taken over a range of weight flows from maximum flow
to the near-stall conditions. At 70, 90, and 100 percent of design speed, radial surveys
were taken at five weight flows. At 50, 60, and 80 percent of design speed, radial sur-
veys were taken for the near-stall weight flow only. Data were recorded at 11 radial
positions for each speed and weight flow.
At each radial position the combination probe behind the stator was traversed cir-
cumferentially to nine different locations across the stator gap. The wedge probe was
set at midgap because previous studies showed that the static pressure across the
stator gap was constant. Values of pressure, temperature, and flow angle were re-
corded at each circumferential position. At the last circumferential position values of
pressure, temperature, and flow angle were also recorded at stations 1 and 2. All
probes were then traversed to the next radial position, and the circumferential traverse
procedure was repeated.
At each of the six rotative speeds the back pressure on the stage was increased by
closing the sleeve valve in the collector until a stalled condition was detected by a sud-
den drop in stage outlet total pressure. This pressure was measured by a probe located
at midpassage and was recorded on an X-Y plotter. Stall was corroborated by large in-
creases in the measured blade stresses on both rotor and stator along with a sudden in-
crease in noise level.
Calculation Procedure
.i,
The measured total temperatures and pressures were corrected for Mach number
and streamline slope. These corrections were based on the instrument probe calibra-
tions given in reference 12. The stream static pressures were corrected for Mach
number and streamline slope based on an average calibration for the wedge probes used.
Because of the physical construction of the C-shaped static-pressure wedges, it
was not possible to obtain static-pressure measurements at 5, 10, and 95 percent of
span. The static pressure at 95 percent span was obtained by assuming a linear varia-
tion in static pressure between the values at the inner wall and the probe measurement
at 90 percent span. A similar variation was assumed between the static-pressure
measurements at the outer wall and the 30 percent span to obtain the static pressure at
5 and 10 percent span.
At each radial position, averaged values of the nine circumferential measurements
of pressure, temperature, and flow angle downstream of the stator (station 3) were ob-
tained. The nine values of total temperature were mass averaged to obtain the stator
outlet total temperature. The nine values of total pressure were energy averaged. The
measured values of pressure, temperature, and flow angle were used to calculate axial
and tangential velocities at each circumferential position. The flow angles presented
for each radial position are calculated based on these mass-averaged axial and tangen-
tial velocities. To obtain the overall performance, the radial values of total tempera-
ture were mass averaged, and the values of total pressure were energy averaged. At
each measuring station, the integrated weight flow was computed based on the radial
survey data.
The data, measured at the three measuring stations, were translated to the blade
leading and trailing edges by the method presented in reference 4.
The weight flow at stall was obtained in the following manner: During operation in
the near-stall condition, the sleeve valve was slowly closed in small increments. At
each increment the weight flow was obtained. The weight flow obtained just before stall
occurred is called the stall weight flow. The pressure ratio at stall was obtained by
extrapolating the total pressure obtained from the survey data to the stall weight flow.
Orifice weight flow, total pressures, static pressures, and temperatures were all
corrected to sea-level conditions based on the rotor inlet conditions.
RESULTS AND DISCUSSION
The results from this investigation will be presented in three main sections. The
overall performances for the rotor and the stage are given first. Radial distributions
of several performance parameters are then presented for the rotor and stator followed
by the blade-element data. The data presented are computer plotted and occasionally
a data point will be omitted because it falls outside the range of the parameters shown
in the figure. A brief discussion of the results is included.
All plotted data, together with some additional performance parameters, are listed
in tabular form. The overall performance data are given in table VI (p. 25). The
blade-element data are presented for the rotor in table VTI (p. 27) and for the stator
in table VTfl (p. 45). The definitions and units used for the tabular data are listed in
appendix C.
Overall Performance
The overall performance for rotor 16 and for stage 16-11 are presented in figures 7
and 8. For both of these computer plotted figures, data are presented for speeds from
50 to 100 percent of design speed. For the 50, 60, and 80 percent of design speeds the
overall performance is presented for the near-stall condition, only. For the 70, 90,
and 100 percent of design speeds data are presented at several weight flows from choke
to the near-stall conditions. Design-point values are shown as solid symbols in both
figures. The stall line (dashed line) shown in figure 8 was determined using the method
discussed in the section Calculation Procedure.
Rotor. - The peak efficiency for rotor 16 at design speed was 0. 860. The peak ef-
ficiency occurred at a weight flow of 26.4 kilograms per second. The measured pres-
sure ratio was 1. 611, and temperature ratio was 1.170. These compare with the design
values of 1.601 and 1.162, respectively. At the lower speeds, values of efficiency up to
0. 88 were obtained for this rotor.
Stage. - The peak efficiency for stage 16-11 at the design speed was 0. 834. The
peak efficiency for this stage occurred at the same weight flow as peak efficiency for the
rotor. The measured total pressure ratio of 1. 581 was slightly higher than the design
value of 1.574. The measured temperature ratio of 1.168 was also higher than the de-
sign value of 1.162. The calculated stall margin for stage 16-11 was 7. 5 percent at
design speed. For the lower speeds measured efficiencies ranged up to 0. 86 for this
stage.
Radial Distributionsi
The radial distributions of several parameters are presented for design speed in
figure 9 for rotor 16 andan figure 10 for stator 11. In each figure data are presented
for three weight flows: near choke, peak efficiency, and near stall. The design values
are shown by the solid symbols. Temperature-rise efficiency, temperature ratio, pres-
sure ratio, suction-surf ace incidence angle, meridional velocity ratio, deviation angle,
total loss parameter, total loss coefficient, and diffusion factor are presented as func-
tions of percent span from the blade tip.
Rotor. - As the weight flow was reduced, the pressure ratio and temperature ratio
increased across the entire rotor blade span with the larger increases occurring in the
tip region. The blade loading (diffusion factor) also continued to increase with decreas-
ing weight flow. The effect of the damper on efficiency is evident at all three weight
flows.
The peak efficiency for this rotor occurred at the design weight flow. At this weight
flow, the measured pressure ratio is slightly higher than design from the tip to the
damper region and less than design from the damper to the hub. The deviation angle
was less than design from the tip to the damper and then greater than design from the
damper to the hub. Except in the damper region, the measured efficiency and losses
were close to design.
Stator. - At the peak efficiency weight flow of 26. 4 kilograms per second, the stator
deviation angles were less than design except in the tip and hub regions. Although the
diffusion factor was less than design in the tip region, the losses in this region were
approximately equal to design. The losses in the hub region increased sharply from the
90 to 95 percent span position. The suction-surf ace incidence angles were less than
design except in the damper region.
Variations with Incidence Angle
The variations of selected blade-element parameters with suction-surf ace incidence
angle are presented in figure 11 for the rotor and in figure 12 for the stator. The data
are presented for 70, 90, and 100 percent of design speed for blade-element locations
of 5, 10, 30, 45, 70, 90, and 95 percent span from the rotor blade tip. Design values
are shown by solid symbols. In addition to all the parameters, which were shown in
the radial distribution plots, inlet relative Mach number is also presented. The inci-
dence angle curves are presented primarily for future use in comparing the performance
of these blades with other blade shapes. Thus, only a few brief observations will be
made from the curves at present.
Rotor. - The absolute values of minimum loss are approximately equal to design
values except at 45 percent span, where the flow is affected by the midspan dampers.
For the 5, 10, 30, 70, and 90 percent spans, the minimum loss occurred at angles less
than the design incidence angle of zero degrees. At 45 and 95 percent span, the mini-
mum loss occurred at slightly greater than design incidence angle. At the minimum
loss, condition the deviation angles were less than design at 5, 10, 30, and 45 percent
spans, whereas at the other locations they were greater than design. The rotor pres-
sure ratio and efficiency were greater than design for 5, 10, 30, and 45 percent spans
and less than design for the other locations.
Stator. - The absolute values of minimum loss were less than the design loss values
except at the 5 and 45 percent spans. The stator blades were designed for minimum
loss to occur at zero incidence angle. Except at 5 and 45 percent spans, the minimum
loss occurred at large negative incidence angles. For 5 and 45 percent spans, the
losses were relatively constant over a range of incidence angles. The deviation angles
corresponding to minimum loss were less than the design values except at the 5 percent
span.
Discussion of Performance
The measured overall peak efficiency for rotor 16 occurred at a weight flow of
26.4 kilograms per second. However, examination of allthe blade-element data at de-
sign speed indicates that peak efficiency would have probably occurred at a higher weight
flow if the rotor had no dampers. As can be observed from figure 11, the minimum
loss for the rotor blade elements occur at incidence angles less than those for the over-
all peak efficiency for all elements except in the damper and hub regions. (See 50-
percent-span locations in table Vn(c) and (d), pp. 29 and 30.) Behind the dampers the
element efficiency was 0. 05 lower for a weight flow of 27.16 kilograms per second than
that for the overall peak efficiency weight flow of 26. 44 kilograms per second. Although
the minimum losses occurred at a flow greater than design over most of the blade height,
the high losses in the damper region counterbalanced this trend and maximum efficiency
occurred near design weight flow.
It is estimated that the dampers resulted in about a 0. 02 decrease in overall effi-
ciency for the higher weight flow and about a 0. 01 decrease in overall efficiency for a
weight flow of 26. 4 kilograms per second. No allowances for damper losses or damper
blockages were made in the design of this rotor, and it appears that this rotor could
have met design efficiency had it been tested without the vibration dampers.
At the near-stall conditions the blade loadings (as indicated by the diffusion factors)
for the rotor tip elements are significantly lower than the loadings obtained from the
other two rotors in this weight flow per unit annulus area study (refs. 8 and 9). It may
be significant, however; that these three rotors experienced stalling conditions at ap-
proximately the same weight flow. .
The design stator losses correspond to a decrease in overall efficiency of 0.034 for
the stage as compared to the rotor only. Examination of the overall performance data
(table VI(a)) indicates that the measured decrease in overall efficiency chargeable to the
stator is less than 0. 03 for all weight flows except the maximum flow.
SUMMARY OF RESULTS
This report has presented both the aerodynamic design parameters and the overall .
and blade-element performance of a transonic compressor stage. This stage, which is
one of a series to investigate the effects of weight flow per unit annulus area on per-
formance, was designed for 178 kilograms per second per square meter. Detailed
radial surveys of the flow conditions in front of the rotor, between the rotor and stator,
and behind the stator were made over the stage stable operating flow range at rotative
speeds from 50 to 100 percent of design speed. Flow and performance parameters were
calculated across 11 radial positions. The following principle results were obtained:
1. The rotor minimum losses were approximately equal to design values except in
the region of the dampers. However, minimum loss occurred at less than design inci-
dence angles except in the damper region.
2. The stator minimum losses were less than design values except near the tip and
in the damper region. The minimum loss occurred at less than design incidence angle
except in the region behind the rotor dampers.
3. At design speed, the stage peak efficiency of 0. 834 occurred at a pressure ratio
of 1. 581 and a weight flow of 26. 4 kilograms per second. Stage stall margin was
7. 5 percent based on pressure ratio and weight flow at the peak efficiency and stall con-
ditions.
4. The rotor peak efficiency of 0. 860 occurred at a pressure ratio of 1. 611 and a
weight flow of 26. 4 kilograms per second.
Lewis Research Center,
National Aeronautics and Space Administration,





oA0 annulus area at rotor leading edge, 0.149 man
oAf frontal area at rotor leading edge, 0.199 m
C specific heat at constant pressure, 1004 J/(kg)(K)
D diffusion factor
2
g acceleration of gravity, 9. 8 m/sec
!„,„ mean incidence angle, angle between inlet air direction and line tangent to bladem \j
mean camber line at leading edge, deg
!_,_ suction-surf ace incidence angle, angle between inlet air direction and line tangent
oo
to blade suction surface at leading edge, deg
J mechanical equivalent of heat
N rotative speed, rpm
2P total pressure, N/cm
o
p static pressure, N/cm
r radius, cm
SM stall margin
T total temperature, K
U wheel speed, m/sec
V air velocity, m/sec
W weight flow, kg/sec
Z axial distance referenced from rotor blade hub leading edge, cm
a cone angle, deg
O
&s slope of streamline, deg
/3 air angle, angle between air velocity and axial direction, deg
/3' relative meridional air angle based on cone angle, arctan (tan £' cos a" /cos a?_),c m c s
deg
y ratio of specific heats, 1. 40
o6 ratio of rotor-inlet total pressure to standard pressure of 10.13 N/cm
11
6° deviation angle, angle between exit air direction and tangent to blade mean
camber line at trailing edge, deg
9 ratio of rotor inlet total temperature to standard temperature of 288.2 K
T\ efficiency
K angle between blade mean camber line and meridional plane, deg
IX1C
Kgs angle between blade suction-surface camber line at leading edge and me-
ridional plane, deg
CT solidity, ratio of chord to spacing
"oj total loss coefficient
"oL profile loss coefficient
"oL shock loss coefficient
o
Subscripts:
ad adiabatic (temperature rise)
id ideal




TE blade trailing edge
z axial direction
9 tangential direction
1 instrumentation plane upstream of rotor
2 instrumentation plane between rotor and stator
3 instrumentation plane downstream of stator
Superscript:




Suction-surface incidence angle -
'
 K ss (Bl)
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Profile loss parameter -
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DEFINITIONS AND UNITS USED IN TABLES
absolute
aerodynamic chord, cm
ratio of actual flow area to critical area (where local Mach number
is one)
meridional air angle, deg
angle between axial direction and conical surface representing blade
element, deg
difference between mean camber blade angle and suction-surf ace
blade angle at leading edge, deg
deviation angle (defined by eq. (B3)), deg
diffusion factor (defined by eq. (B4))
adiabatic efficiency (defined by eq. (B9))
inlet (leading edge of blade)
incidence angle (suction surface defined by eq. (Bl) and mean defined
by eq. (B2)), deg
angle between the blade mean camber line at the leading edge and the
meridional plane, deg
angle between the blade mean camber line at the trailing edge and the
meridional plane, deg
. angle, between the blade mean camber line at the transition point and
the meridional plane, deg
loss coefficient (total defined by eq. (B5) and profile defined by
eq. (B6))




outlet (trailing edge of blade)



































relative to the blade
inlet radius (leading edge of blade), cm
outlet radius (trailing edge of blade), cm
radial position
equivalent rotative speed, rpm
angle between aerodynamic chord and meridional plane, deg
ratio of aerodynamic chord to blade spacing
speed, m/sec
suction surface
slope of streamline, deg
tangential
temperature, K
thickness of blade at leading edge, cm
thickness of blade at maximum thickness, cm
thickness of blade at trailing edge, cm
total
difference between inlet and outlet blade mean camber lines, deg
velocity, m/sec
equivalent weight flow, kg/sec
ratio of suction-surf ace camber ahead of assumed shock location of
a multiple-circular-arc blade section to that of a double-circular-
arc blade section
axial distance to blade leading edge from inlet, cm
axial distance to blade maximum thickness point from inlet, cm
axial distance to blade trailing edge from inlet, cm
axial distance to transition point from inlet, cm
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TABLE I. - DESIGN OVERALL PARAMETERS
FOR STAGE 16-11
ROTOR TOTAL PRESSURE RATIO 1.601
STAGE TOTAL PRESSURE RATIO 1.574
ROTOR TOTAL TEKPERATURE RATIO 1.162
STAGE TOTAL TD-'.PERATURE RATIO 1.162
ROTOR ADIABATIC EFFICIENCY 0.885
STAGE ADIABATIC EFFICIENCY 0.851
ROTOR POLYTROPIC EFFICIENCY 0.892
STAGE POLYTROPIC EFFICIENCY . 0.860
ROTOR HEAD RISE COEFFICIENT 0.231
STAGE HEAD RISE COEFFICIENT 0.222
aOH COEFFICIENT 0.395
HT aOW PER UNIT FRONTAL AREA 132.959


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE VI. - OVERALL PERFORMANCE FOR STAGE 16-11
(a) 100 Percent of design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE R A T I O
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE R A T I O
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR tCAO RISE COEFFICIENTSTAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
HT aOH PER UNIT FRONTAL AREA
HT aOW PER UNIT ANNULUS AREA
HT aOH AT ORIFICE
HT aOH AT ROTOR INLET
HT aOH AT ROTOR OUTLET
HT aOH AT STATOR OUTLET

































































































(b) 90 Percent of design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR -TOTAL TEMPERATURE R A T I OSTAGE TOTAL TEMPERATURE R A T I O
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCYROTOR HEAD RISE COEFFICIENTSTAGE HEAD RISE COEFFICIENT
aOH COEFFICIENTHT aow PER UNIT FRONTAL AREA
HT FLOH PER UNIT ANNULUS AREA
HT aOH AT ORIFICE
HT aOH AT ROTOR INLET
HT aOH AT ROTOR OUTLET
HT aOH AT STATOR OUTLET
ROT AT I YE SPEED

































































































(c) 80 Percent of design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIOROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
aOH COEFFICIENT
HT aOH PER UNIT FRONTAL AREA
HT aOH PER UNIT ANNULUS AREA
HT aOH AT ORIFICE
HT aOH AT ROTOR INLET
HT aOH AT ROTOR OUTLET
HT aOH AT STATOR OUTLET
ROTATIVE SPEED























TABLE VI. - Concluded. OVERALL PERFORMANCE FOR STAGE 16-11
(d) 70 Percent of design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
aOH COEFFICIENT
HT aOH PER UNIT FRONTAL AREA
HT aOH PER UNIT ANNULUS AREA
HT aOH AT ORIFICE
HT aOH AT ROTOR INLET
HT aOH AT ROTOR OUTLET
HT aOH AT STATOR OUTLET
ROTATIVE SPEED

































































































(e) 60 Percent of design speed (f) 50 Percent of design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR MEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
aOH COEFFICIENT
HT aON PER UNIT FRONTAL AREA
HT aON PER UNIT ANNULUS AREA
HT aOH AT ORIFICE
HT aOW AT ROTOR INLET
HT aOH AT ROTOR OUTLET
HT aOH AT STATOR OUTLET
ROTATIVE SPEED























ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
aOH COEFFICIENT
HT aOH PER UNIT FRONTAL AREA
HT aOH PER UNIT ANNULUS AREA
HT aOH AT ORIFICE
HT aOH AT ROTOR INLET
HT aOH AT ROTOR OUTLET
HT aOH AT STATOR OUTLET
ROTATIVE SPEED























TABLE VII. - BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 16
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TABLE VH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 16
(d) 100 Percent of design speed; reading number 1060
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TABLK VU. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 16
(f) 90 Percent of design speed; reading number 1062
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TABLE VH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 16
(m) 70 Percent of design speed; reading number 1069
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TABLE Vm. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 11
(c) 100 Percent of design speed; reading number 1059
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11 95.00 -4.9 -11.2 6.5 0.260 0. 0.085 0.085 0.021 0.02t
51
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11 95.00 3.0 -3.2 9.4 0.497 0. 0.179 0.179 0.045 0.045
53
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(n) 70 Percent of design speed; reading number 1070
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10 90.00 2.6 -3.6 8.8 0.442 0. 0.053 0.053 0 .014 0.014





















































-32 -24 -16 -80 8 16
Axial distance from rotor blade hub leading edge, Z, cm
24
Figure 1. - Flow path for stage 16-11 showing axial location of instrumentation.
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Figured -Compressor test facility.
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Figure 5. - Survey probes.
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